Differential interactions of 5-(4-piperidyl)-3-isoxazolol analogues with insect γ-aminobutyric acid receptors leading to functional selectivity.
γ-Aminobutyric acid (GABA) receptors (GABARs) mediate fast inhibitory synaptic transmission and are also targets for drugs and insecticides. To better understand the molecular interactions of ligands with the orthosteric sites of GABARs, we examined 4-aryl/arylalkyl-5-(4-piperidyl)-3-isoxazolol, 4-aryl-5-(4-piperidyl)-3-isothiazolol, and 5-aryl-4-(4-piperidyl)-1-hydroxypyrazole for their antagonism with regard to three insect GABARs. The 3-isoxazolol was preferable to the 3-isothiazolol and 1-hydroxypyrazole in antagonism to common cutworm and housefly GABARs. Of the tested analogues, 4-(3-biphenylyl)-5-(4-piperidyl)-3-isoxazolol (2a) displayed the greatest antagonism for common cutworm and housefly GABARs, with IC50 values of 3.4 and 10.2 μM, respectively. In contrast to the antagonism of the two GABARs, 2a showed partial agonism for the case of small brown planthopper GABARs, with an EC50 value of 31.3 μM. Homology models and docking simulations revealed that a cation-π interaction between an analogue and an Arg residue in loop C or E of the orthosteric site is a key component of antagonism. This specific phenomenon was lacking in the interactions between 2a and the orthosteric site of small brown planthopper GABARs. These findings provide important insights into designing and developing novel drugs and insecticides.